Surface sediments collected in the intertidal zone of Paraguaçu estuary in July, 2013, were analyzed for organic matter, nitrogen, phosphorus, grain size fractions and partial concentrations of 16 metals. The USEPA 3051A method and ICP-OES and CV-AAS techniques were chosen to metal analysis. Pollution indices (EF, I geo and PI N ) and a comparison with sediment quality guidelines (UET, ERL, ERM, TEL and PEL of NOAA) were conducted in order to evaluate the potential metal impacts over the area. Principal Component Analysis (PCA) and Pearson correlation results showed the importance of organic matter content and the fine-grained fraction of sediments on the control of the bioavailable metals distribution. The Paraguaçu estuary already has anthropogenic enrichment relative to the background level, especially for Mn, whose values exceeded almost 30 times the background at one site (Mn: 1197.30 mg kg
Introduction
Metals are natural components of ecosystems and their optimal concentration in the organisms is a sine qua non characteristic for healthy biotic activities (Gao et al., 2014) . However, when found in high concentrations in the sediment or water, those elements might become a threat to the aquatic ecosystem due to its inherent ecotoxicity features, persistence and tendency to biomagnificate. Therefore, the high concentrations of such elements in the sediment or water may lead to human intoxication through food web (Zahra et al., 2014; Jin et al., 2015; Wang et al., 2015) .
Ecotoxicological studies which connect ecology and toxicology aim to understand and predict effects of chemicals (metals, PAHs, PCBs, etc.) on natural communities under realistic exposure conditions (Chapman, 2002) . Their methods have been applied with more importance to estimate the quality of water, sediments, soils, and the atmosphere (Reis et al., 2013; Jiang et al., 2014; Camargo et al., 2015) . Camargo et al. (2015) asserts that sediments are an important indicator of the health of aquatic ecosystems because they naturally work as a metal reservoir, due to the capacity of holding more than 90% of metals in the aquatic environment (Zahra et al., 2014) . Thus, sediments are a potential secondary source of metals which might be released back into water columns along with changed environmental conditions .
One method largely used to estimate the degree of metal contamination of a specific area and the potential risks linked to the increase in metal concentrations is to study the bioavailability of the metals in the sedimentation area (Peña-Icart et al., 2014) . Metals are considered bioavailable whenever they are dissolved in the water column or interstitial water, incorporated to sediments through weak chemical bonds (i.e. the potentially labile parcel), or in metal complexes, created by a colloidal material such as dissolved organic matter, hydroxyl, carbonates, and sulfites (Bayen, 2012) . The bioavailability and ecotoxicity of metals in sediment depend on the interactions between many variables such as pH, salinity, redox potential, mineral and organic content and resident biota (Souza et al., 2015) .
In order to differentiate the influence caused by natural or anthropogenic sources of metals, simple and integrate indices such as enrichment factor (EF), index of geoaccumulation (I geo environmental studies (Wei et al., 2011; Armid et al., 2014; Brady et al., 2014; Chakraborty et al., 2014; de Paula Filho et al., 2015; Hamdoun et al., 2015) . Moreover, it is equally important to evaluate the biological adverse risks. Hence, comparisons with sediment quality guidelines (SQGs) are usually done (Bastami et al., 2015; Merhaby et al., 2015; Wang et al., 2015) .
The Todos os Santos Bay, (BTS, acronym in Portuguese for Baía de Todos os Santos) , is a region surrounded by several small towns and cities with industrial activity, such as Industrial Centre of Aratu (CIA), Landulpho Alves refinery (RLAM), and Paraguaçu shipyard. The activities performed by those industrial centers may potentially degrade the local environment and the surrounding estuaries (Hatje et al., 2009 ). Paraguaçu's estuary is located westward from BTS and it is largely influenced by the tide currents inside the bay due to the water stream regularization done by the Paraguaçu's Dam (Pedra do Cavalo Dam), built 40 km away from the mouth of the river (Mestrinho, 1998; CRA, 2004) . Then, it is clear that the impacts on the Todos os Santos Bay tend to occur more intensively around the described region. It is important to highlight that the construction of a new shipyard on the Paraguaçu's estuary will increase the traffic and furthermore the risk of contamination by metals and oil spills (Moreira et al., 2013) .
Along the estuarine area of Paraguaçu River, there is a large and healthy mangrove field which tends to be attached to a high fishery production. Rima (2009) states that such activity is the main support for several towns in the area. Those resources are classically one of the first to be reached by metal contamination and can therefore expose the population of those towns or any other consumer to risks. For this reason, it is necessary to point out that ecological studies are paramount to help managing the local environment. Having said that, the present study aims to: (1) study the relationship between bioavailable metals concentrations, geochemical data (organic matter, nitrogen and phosphorus) and sediment grain size; (2) quantify the extent of metal pollution using enrichment factor (EF), geoaccumulation index (I geo ) and Nemerow synthetic pollution index (PI N ); (3) assess ecological risk of sediments using Upper Effects Threshold (UET) for freshwater sediments, Effects Range-Low/Effects Range-Median (ERL/ERM) for marine sediments and Threshold Effect Level/Probable Effect Level (TEL/PEL) for both sediment type.
Materials and methods

Study area
The Paraguaçu River is the longest river entirely located in the state of Bahia and the main tributary of the Todos os Santos Bay. This system is very important for the local communities, because it provides the main source of food resources and income (i.e. consumption and commercialization of fish and shellfish) to these populations (Barros et al., 2008) . The Paraguaçu River is originated by a natural spring in the Sincorá Mountains, around the Chapada Diamantina region. Throughout its path, it incorporates many tributaries along its 540 km of length. With a drainage area of 55,317 km 2 , the river encompasses 84 small towns including about 10% of the state total area. Its area has a precipitation ranging from 1200 mm to 1600 mm and an average monthly temperature of 24°C with the smallest annual temperature range of 5°C due to the proximity to the ocean. The period between November and March has the highest mean monthly temperatures while the months of July and August have the lowest ones. Several anthropogenic activities potentially influence the system environmental quality, including solid wastes, agriculture, animal husbandry, domestic effluents and industrial and mining activities (Mestrinho, 1998) .
Sediment sampling and pretreatment
The sediment gathering process happened on the 18th of July of 2013, during the rainy season on the estuary. Before the gathering survey, satellite images and maps were analyzed to previously choose the sampling sites cities (Fig. 1) . The sites were far enough to minimize spatial autocorrelation effects and to maximize differences in metal contamination between the sampling sites (Couillard et al., 2008) . Two sites were chosen on Salinas da Margarida's beach. One of them, P 06, is facing the Todos os Santos Bay, in order to get more influence of the bay water. The geographic coordinates of each gathering point were georeferenced on the SIRGAS 2000 datum, using a Global Position System (GPS) of the model Garmin Etrex Vista H. A composite sampling process was performed, thus creating triplicates for each sampling spot. A total of 18 surface sediments were taken from the sampling points on the top 10 cm of depth using stainless steel sampler and homogenized inside a glass container. All the containers used for the sampling were previously cleaned, decontaminated, and therefore labelled. The samples that would be used to analyze arsenic, metals, organic matter (OM), total nitrogen (TN), available phosphorous (P ava ) and total phosphorus (TP) concentrations were kept in glass containers, and the samples for analysis of grain size were kept inside plastic bags. The samples were immediately transported to the laboratory and then stored in a freezer (À20°C). The frozen sediment was initially dried in a lyophilizer, Liotop L018 model, and then disaggregated and sieved in 0.5 mm and 2.0 mm sieves. The sediments smaller than 0.5 mm were used to obtain the concentration of As, metals, TN, OM, P ava and TP. The sediments smaller than 2 mm were used for the grain size analysis.
Determination of metals
For the measurement of partial metal concentrations, acid digestion was performed in each sediment sample using USEPA method 3051A. 1.0 g of sediment was digested in 10 ml of ultrapure HNO 3 (Merck -Darmstadt, Germany) and 10 ml of ultrapure H 2 O (Milli-Q system) using microwave oven (Provecto DGT 100 model), filtered, and diluted. Partial metal concentration of Al, Ba, Ca, Pb, Co, Cu, Cr, Fe, Mg, Mn, Mo, Ni, K, V, Zn and metalloid As concentration were determined using Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES -Agilent Technologies 700 series model). The concentration of the metal Hg was the only one obtained through the Cold Vapor Atomic Absorption Spectrometry (CV-AAS -Varian SpectrAA 220 SF model). The partial metal concentrations were expressed in mg kg À1 of dry sediments. The same analysis done in the samples was used for the analytical blanks. All plastic, quartz and glassware used in analysis were soaked in HNO 3 (10%) (Merck) for at least 24 h and rinsed repeatedly with ultra-pure water. The Quality Assurance/Quality Control (QA/QC) procedures involved the use of standard reagents and the analysis of the Certified Reference Material STSD-4 (estuarine sediment). The results of the analysis of some metals using this certified reference sediment are presented in Table 1 , together with the quantification limits (QL) for each element.
Measurement of other sediment parameters
OM concentration was determined by EMBRAPA method (EMBRAPA, 2009) , which is based on exothermic reactions and oxidation of organic matter by K 2 Cr 2 O 7 (Sigma -St. Louis, MO, USA) and concentrated H 2 SO 4 (J.T. Baker -Deventer, Holland). Sediment textural classification, i.e. the proportion of sand, silt and clay (%), was determined using a LASER particle size analyzer (Cilas 1064 model) with a measuring range of 4-500 lm, according the method described by Folk and Ward (1957) . Textural classification was based on the relative percentage of the different size fractions (clay (CL) < 4 lm; 4-63 lm silt (ST); 63-130 very fine sand (VFS); 130-250 lm fine sand (FS); 250-500 lm medium sand (MS); coarse sand (CS) > 500 lm). The total nitrogen concentration on the sediment was determined by the Kjeldahl method (EMBRAPA, 2009) which has two steps: (1) organic nitrogen transformation in ammonium (NH 4 + ) and (2) determination of NH 4 + digested on step 1 by distillation with NaOH 15% (F. Maia -São Paulo, Brazil). The method described by Aspila et al. (1976) was carried out in order to obtain the available phosphorus concentration. An estimate of total phosphorus was made with partial acid digestion, as for metal determination, as done by Taylor and Boult (2007) and Hoff et al. (2014) . To assure the proceedings reliability, all the analyses were done with analytical blanks.
Quantification of sediment pollution
Enrichment factor (EF)
The enrichment factor is an index used to differentiate the natural metal sources from the anthropogenic ones. It is also used as a tool to reduce the interference of the grain size and mineral composition of the sediments on metal variability (Abrahim and Parker, 2008; Qingjie et al., 2008) . Normalized EF of metals in Paraguaçu sediments of each site was calculated using Eq. (1). Aluminum (Al) was used as a reference element to calculate anthropogenic metal enrichments as described by CRA (2004) and Brady et al. (2015) . Concentration of metals reported by CRA (2004), Otero et al. (2008) and EIA (2009) was used as background values for the metals and metalloid As. EF values are then categorized in six major groups, presented on Table 2 .
C x is the concentration of the analyzed metal and C EN is the concentration of the normalizing element.
Geoaccumulation index (I geo )
The geoaccumulation index is obtained through the Eq. (2), created by Müller (1979) , to estimate the enrichment of the metals within a sample using the background level of the metallic component itself. This index is being widely used in trace metal studies on sediments and soils (Wei et al., 2011; Armid et al., 2014; Chakraborty et al., 2014) . I geo classes to interpret the results are shown on Table 2 . 
C x is the concentration of the metal being analyzed.
The factor 1.5 is used to minimize the effect of possible variations on the background values associated to the lithological variations in the sediment.
Nemerow synthetic pollution index (PI N )
The Nemerow synthetic pollution is an integrated index used to estimate the enrichment for several contaminants, i.e. the total contamination of a specific area, using a single index. In the present study, the single index chosen was the contamination factor calculated by Hakanson (1980) according to the following equation:
M x sample andM x background refer to the concentration of a pollutant in the samples and the background respectively. The PI N is largely used in trace metal studies (Cheng et al., 2007; Zhao and Li, 2013; Brady et al., 2014) . It is obtained by the Eq. (3) which classifies the data in five groups described by Qingjie et al. (2008) and presented on Table 2 .
C fav and C fmax is respectively the average and maximum value of the contamination factor of all metals in a sample.
Statistical analysis
A Kolmogorov-Smirnov test was carried out to check if variables were normally distributed. The matrix of Pearson Correlation values was used to obtain the degree of association between the variables and to evaluate the effect of the organic matter parameters, size grain, nitrogen, and phosphorous on the metal enrichment. These statistical analyses were performed on statistical software R in version 3.2.0 from the R-project for Statistical Computing. Principal Component Analysis (PCA) was performed to better quantify the relationship among the variables on this study and to identify the group of geochemically similar samples. This one was performed on Statistica Software for Windows, version 7.0 from Statsoft Inc.
Results and discussion
Sediment characteristics
The parameters values of the nutrients (organic matter, nitrogen, and phosphorus) and for the grain size are shown in Fig. 2 . The sediment of the Paraguaçu estuary seems to have a higher fraction of sand size of grain. The stations P 03, P 04, P 05, P 06 on the margins of the river had a higher fraction of sand as described by Lessa and Dias (2009) . Also, the sand faces found in these sampling points are evidence of local high hydrodynamic which interferes on the deposition of fine particles. Previous studies demonstrated that fine-grained sediments facilitate the accumulation of heavier metal and organic matter contents (Bayen, 2012; Yu et al., 2012; Zahra et al., 2014) . The concentration of OM on the sediments, obtained through the conversion factor of Van Bemmelem (Garcia et al., 2014) , which uses the values of total organic carbon (TOC), ranged from 0.38% to 3.00%. Those values are considered low for environments like mangroves which are classically enriched in OM concentrations and therefore can be associated with the high hydrodynamic potential of the region. Besides, the existence of Pedra do Cavalo Dam tends to reduce the nutrients in the discharged water to the estuary. Due to the sedimentation of bloomed phytoplankton in the water column, dams trap nutrients on the reservoirs bottom (Yamamoto, 2003) . P 05 was the point with the highest OM values and this sampling site is located next to a wharf and to a sewage on Salinas da Margarida's beach which are possible sources of OM contamination. P 04 had the smaller values of OM and the highest grain sizes seem to induce the smaller concentration of it. Overall, the percentage of total nitrogen (TN) in the sampling sites was low, ranging from less than the quantification limit to 0.22%. For Kjeldahl method described by EMBRAPA (2009), the QL is 0.08%. The nitrogen on the environment depends mainly on the decomposition process of the OM (Serna et al., 2014) . The biggest TN value was found on P 05, implying a stronger degradation process of OM on this sampling site. The levels of total P had values ranging between 58.32, at P 04, and 381.39 mg kg
À1
, at P 01. P ava ranged between 40.93 and 230.56 mg kg À1 and was between 48.3% and 96.6% of the total P. Those values for P match previous studies in the area (EIA, 2009) which indicate that the estuary of Paraguaçu tends to be oligotrophic.
Metal concentrations in sediments and comparison with sediment quality guidelines (SQGs)
The Tables 3 and 4 present the concentrations in mg kg À1 of the metals and arsenic in the available fraction for the six studied points on the Paraguaçu estuary as well as background values for the study area. The values were compared with quality levels described by the National Oceanic and Atmospheric and Administration (NOAA): Upper Effects Threshold (UET), Effects Range-Low (ERL), Effects Range-Median (ERM), Threshold effect level (TEL) and Probable effect level (PEL). The UET was derived by NOAA as the lowest AET.
1 ERL and ERM represent respectively the tenth and fiftieth percentile values in the aquatic toxicity dataset, (Lin et al., 2013) . TEL represents the concentration threshold below which there are small or no toxic risks to the organisms. The PEL is the minimum value in which several effects start to occur. The site P 01 has no salinity value, and thus its values were the only least one sampling spot. Pb, Cu and Ni had their highest concentration value on P 05, respectively 4.56, 7.96 and 8.02 mg kg
À1
, while cobalt and chromium had their higher average value on P 01, 3.09 and 25.40 mg kg
, respectively. The higher average value of Hg happened on P 06 (0.25 mg kg À1 ). This metal had concentration values higher than the background values on P 02, P 05, P 06, and only on P 06 had higher values than TEL and ERL. Previous studies also suggest a presence of Hg contamination on Todos os Santos Bay (Marins et al., 2004; EIA, 2009 (Walker et al., 2005) .
Although, the metals in the study had values smaller than the reference values established by NOAA, except Hg, that had concentration higher than TEL and ERL on P 06, the majority of the metals presented high values relatively to the background level of the region. P 04 had the smallest concentrations for the great majority of the metals, except Mn. This sampling spot had higher sandy texture which can be associated to the low concentrations of metals, after all low concentrations of metals are generally associated to finer sediment parcels. P 05 had the higher concentration values for the majority of the metals. As it has been said before, this point is located on Salinas da Margarida's beach, close to a wharf and the sewage disposal of the urban center. High metal concentrations were related, in previous environmental studies, with domestic effluents (Al-Ghais, 2013; Naser, 2013; Velusamy et al., 2014) and oil residue from boats (Moldanová et al., 2009 ).
Evaluation of sediment pollution
Enrichment factor (EF)
The Enrichment Factors were calculated for Ba, Pb, Co, Cu, Cr, Fe, Mn, Hg, Ni, V and Zn (Table 5) . They show that overall, there is no anthropogenic enrichment (EF < 1) for the metals Pb, Co, Cu, Cr, Fe, Ni and V. P 01 values had minor enrichment for Mn (EF 1.06). P 02 had minor enrichment for Zn (EF 1.14). P 03 and P 05 did not have any enrichment. P 06 had a minor enrichment for Hg (EF 1.65) and Zn (1.79). P 04 had major anthropic enrichment for some metals. As seen on 3.2, this sampling site is located next to Paraguaçu Shipyard, in a place that constantly receives shipyard wastewater. This explains the moderate enrichment on Ba (EF 3.21) and Zn (EF 3.48) and the severe enrichment of Mn (EF 23.76) (Walker et al., 2005) . It is well known that Mn is the eleventh most abundant element in earth crust (Duman et al., 2007) and therefore its accumulation and enrichment are influenced by both natural processes Otero et al. (2008) . and anthropogenic activities. However, such a high EF value on P 04 shows clearly the anthropic contribution for this metal on this site. Hatje et al. (2009) found similar values for Cu, Pb, Hg, Cr, Ni e Zn on the Todos os Santos Bay. Fernández-Cadena et al. (2014) also found similar values on mangroves of the Estero Salado river, for the metals V, Cr e Zn, and higher for Co, Ni, Cu e Pb.
Geoaccumulation index (I geo )
The Geoaccumulation Index values, calculated for the selected metals (Table 6 ), indicate a more enriched environment than that suggested by the values of EF. Only I geo values of Pb, Co, Cu, Fe, and V indicated no pollution in sediment samples. P 01 presented the higher amount of metals enriched by anthropic activity: P 01: Al (I geo 2.58), Ba (I geo 1.84), Cr (I geo 1.48), Mn (I geo 2.66) and Zn (I geo 2.49), followed by P 05: Al (I geo 3.41), Cr (I geo 1.34), Ni (I geo 1.45) and Zn (I geo 3.28). Those two sampling points, even having anthropic contribution for several metals, had pollution levels mainly moderated. Among the metals, Zn was the only one with enrichment in all sites and high pollution on P 05. It is important to highlight that, the same way as EF, Mn showed the highest accumulation of the study in site P 04 (I geo 4.28) indicated a high to very high pollution. Boaventura (2011) The method of I geo which was originally designed for river sediments (Zhao and Li, 2013) has largely been used to evaluate enrichment of metals in other environments, including mangrove ecosystems (Magesh et al., 2013; Veerasingam et al., 2015) . This method differs from other indices of metal enrichment due to the log function presented on I geo calculation and a background multiplication of 1.5 (Abrahim and Parker, 2008) .
Nemerow synthetic pollution index (PI N )
This index defers from EF and I geo because it is not a simple index which means that while the previous ones evaluate the influence of each contaminant separately, the PI N it is an integrated index. It takes into account the degree of contribution of all contaminants for the same sampling site (Qingjie et al., 2008) . The results of this index are shown in Table 5 . The same way as I geo , this index was more sensitive than EF, and it indicates that Paraguaçu estuary is moderately polluted at sites P 01 (PI N 7.28), P 02 (PI N 3.95), P 03 (PI N 5.33), P 05 (PI N 11.65) and P 06 (PI N 8.00). This suggests contamination by one or more elements at most of the sites. PI N also shows that the sediment health of the site P 04, near São Roque city, is a concern due to the high enrichment of Mn in the area. Comparing the results obtained for the Paraguaçu estuary with the one published by Brady et al. (2014) for Deception Bay in Australia, it is noticeable that Paraguaçu's surroundings have higher contamination than Deception Bay.
Statistical results
The correlation coefficient matrix including nutrients (OM, TOC, TN, P ava and TP), grain size fractions (MS, FS, VFS, ST and CL) and metals (Al, Ba, Ca, Pb, Co, Cu, Cr, Fe, Mg, Mn, Hg, Ni, K, V and Zn) are shown in Table 7 . This parametric test was carried out after the results of normally distributed data given by KolmogorovSmirnov test. Arsenic and molybdenum were not included as variables on the statistical analysis because they have values <QL in all samples. Due to the method of determining sediment textural class, the size grain fraction ''coarse sand'' was also taken out of the statistical analysis. In order to classify the 'r' values, it was used the class description of Santos (2007) . A significant and positive correlation coefficient (r > 0.8) suggests a similar geochemical behavior and/or a common source material of the elements.
There was a positive correlation between the three smallest grain size fractions (very fine sand, silt and clay) and both the nutrients variables (TOC, OM, TN, P ava and TP) and majority of metals. Silt and clay are known to provide large surface areas which adsorb OM and high cation exchange capacity for contaminants (Bayen, 2012; Song et al., 2014) . In this study, the very fine sand was dominant over silt and clay in retaining metals and nutrients. It also had higher positive correlation values with those variables. This helps to explain the low metal concentration on P 04, since it had the lowest percentage of very fine sand (1.07%). The metals, in its majority, had positive correlation with the nutrients. Al, Cu, Cr, Fe and Ni, had the strongest positive correlations, and this is a * Sites of metal concentration < QL (quantification limit). * Sites of metal concentration < QL (quantification limit). possible sign that those metals are sharing a unique source and transport pathway (Mwanamoki et al., 2014) . Correlation between different metals can provide information about the sources of contamination and metal pathways (Zahra et al., 2014) . The concentrations of Al and Fe had significantly high correlation with a great majority of other metals (Pb, Cu, Cr, Mg, Ni, K, and Zn) . This is a necessary condition for an element become a normalizer according to Matthai and Birch (2001) and also shows that those elements were part of the natural constitution of sediments of the region.
In fact, minerals classified as kaolinite (Al 2 Si 2 O 5 (OH) 4 ) and goethita (FeO(OH)) are abundant in the study area (Ramos, 1993) . The high positive correlations between Pb, Mg, K and Zn showed a bigger relationship with the marine water, rich in Mg and K. This suggests that the enrichment of Pb and Zn on Paraguaçu estuary comes from sources inside the Todos os Santos Bay. Mg and K also had a significantly correlation with Fe which highlights another source of these metals: input from lithogenic origin, since they are generally present in the parent rock material (Zahra et al., 2014) . High correlations occurred between Cu, Cr and Ni, suggesting that those metals have common sources, mutual dependence and identical behavior during the transport. The only significant negative correlation regarding metals was between Ca and Mn (À0.89), indicating that the enrichment of these metals is not controlled by a single factor (Suresh et al., 2012) . The PCA allows the identification of the components responsible for the full variation of the data even as the groups of variables that explain these variations (Burak et al., 2010) . This technique has been extensively used to identify patterns of environmental contamination (Brady et al., 2015; Cho et al., 2015; Yang et al., 2015) . The PCA results for nutrients, grain size and metals in the sediments are shown in Fig. 3 . The main variables in this study were organic matter, total organic carbon, total nitrogen, very fine sand, Al, Ba, Co, Cu, Cr, Fe, Mn and Ni. The first two principal components explained a cumulative variance in the data of 72.55% (PC1: 55.01%; PC2: 17.54%) ( Table 8 ). The results indicated that MS had significant positive correlation with the PC1, suggesting that this component represents the influence of that grain size fraction. On the other hand, a set of variables (OM, TOC, TN, TP, VFS, Al, Ca, Cu, Cr, Fe, Mg, Ni, K, V and Zn) had significant negative correlation with the PC1. This confirms the tendency of metals to be associated with fine grain size fractions and organic matter compounds (Bayen, 2012) . FS, Ba and Co were positively correlated to the second axis. Compared with background values of these metals, the concentration values found in the present study showed relatively low levels of these pollutants in the same area (P 01). This result may be explained by the fact that PC2 mainly represents natural sources. Hg showed significant correlation neither with the principal components nor with sediment grain-size. The principal component analysis loading plot showed that the elements could be classified into four groups with stronger relationship among its variables. The group 1, made up by P 01, contains Co and Ba, with the first having the best representation on PCA graph. Those metals were significantly positively correlated (0.89) and both have their major concentrations in site P 01. Ba is present in igneous rocks which were found surrounding P 01, and therefore suggesting that the concentration of Ba on the place have higher natural source. Group 2, made up by P 03 and P 05, had nutrient variables (OM, TOC, TN, P ava and TP), the finer grain size fractions (very fine sand, silt and clay) and majority of the metals (Al, Ca, Pb, Cu, Cr, Fe, Mg, Ni, K, V, and Zn) . The association of this group confirms previous results that show the influence of the OM content and the finer grain size fractions of the sediments on metal bioavailability (Fernandes et al., 2011; Mwanamoki et al., 2014; Zahra et al., 2014) . The group 3, made up by P 02 and P 06, contains Hg, which did not have a good representation on PCA graph, and was far from the other studied parameters. In both sampling stations the highest Hg concentrations happened in which the levels were higher than the background values. Group 4, made up by P 04, consists of medium sand, fine sand, and manganese. Mn had its biggest correlation value with fine sand (0.8) and it is close to this parameter on the PCA graph. Mn bioavailability has been related to fine sand fraction (Fernandes and Nayak, 2014) . Besides, the anthropogenic inputs of this metal in P 04 were already highlighted by EF, I geo and PI N .
Conclusions
Statistical analyses ratified the correlation between the bioavailability of metals, concentration of organic matter on sediment, and finer size grains. On Paraguaçu Estuary the majority of the metals showed enrichment relatively to the background values of the area, even though they had average concentrations lower than UET, ERL, ERM, TEL and PEL from NOAA, except for Hg that had concentration higher than TEL and ERL on P 06, confirming previous Hg contamination on Todos os Santos Bay. The I geo and PI N indices seemed to be more sensitive than EF for the study of the pollutants in the area, showing a further metal enrichment in this environment. EF and I geo indicated severe enrichment of Mn on P 04. The results of PI N, showed moderated contamination for P 01, P 02, P 03, P 05 and P 06. According to PI N values, P 04 had a strong pollution because of the Mn, showing that this metal has a high anthropogenic input in this site, mainly, due to the shipbuilding and petroleum industrial activities. Suggestions for future studies of the area are: a monitoring system with higher number of samples and seasonal variability; mineral analyses of sediments; isotopic analyses to identify metals origin and study of the benthic organisms, especially focusing on bioaccumulation of the metals on local biota. Loadings above 0.7 market in bold.
